Abstract: This paper presents a weighted-polarization antenna applied to BAN (Body Area Network) on-body communication systems. A primal objective is to achieve the radio link enhancement in both downlink and uplink on-body channels. The proposed antenna obtains an optimum signal level using a weight function considering the BP-XPR (Body Proximity Cross-Polarization Power Ratio) and antenna tilt angle. The results show that the proposed antenna achieved more than a 3-dB improvement of received signal compared with the other types of antennas, such as vertical dipole, horizontal dipole and equal weight combined antennas, regardless of the arm-swing motion and antenna placement, which verifies the effectiveness of the proposed method to enhance BAN on-body radio links. Keywords: weighted-polarization antenna, Body Proximity Cross-Polarization Power Ratio, dynamic human model, walking motion Classification: Antennas and Propagation Constantinou, and P. S. Hall, "Statistical analysis and performance evaluation for on-body radio propagation with microstrip patch antennas," IEEE Trans. Antennas Propag., vol. 55, no. 
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Introduction
Body Area Network (BAN) has received a great attention owing to the increasing demand of health care wireless communication technologies. To realize the high reliability in dynamic BAN on-body channels, the improvement of wireless connectivity between the wearable devices is an essential subject [1, 2] .
Weighted-polarization wearable MIMO antenna [3] was proposed for upcoming 5G cellular systems, where the cross polarization power ratio (XPR) and antenna inclination angle are considered as key parameters to obtain the maximum MIMO channel capacity in various conditions. However, the method was not confirmed in on-body situation due to the complex polarization behavior caused by the human motion, which may result in a severe fluctuation of transmitting and receiving signal level [4, 5] .
This paper presents a weighted-polarization antenna applied to BAN on-body systems. A novel concept of the BP-XPR (Body Proximity Cross-Polarization Power Ratio) [6] is proposed, which is quantified based on antenna locations and arm-swing angles. Based on the BP-XPR, the weighted-polarization antenna achieves a high and stable signal power regardless of arm-swing motion and antenna placement, indicating that the proposed antenna is suitable for realizing a high reliable communication in future wearable BAN radio systems.
2 Weighted-polarization antenna in dynamic on-body channel Fig. 1(a) shows the channel model of a dynamic phantom [2] from the view of zxplane. α denotes the arm-swing angle, which represents the antenna rotation angle simultaneously while β indicates the angle between z-axis and incident wave direction. The sensor modules are mounted on head and ankle while the access point is fixed at wrist. The received signal at wrist is decomposed into vertical and horizontal polarization components allocated in z-axis and x-axis respectively, as indicated by V-pol and H-pol. With different sensor antenna locations and arm-swing angles, the received power is changed whether the dipole A z or A x is used. Thus, the polarization controlled antenna for on-body link enhancement is desired. Fig. 1(b) indicates the configuration of a weighted-polarization antenna [3] , which is comprised of three orthogonal dipole elements ðA x ; A y ; A z Þ. When the antenna is rotated by an operator, two of the three dipole elements are selected using two switches ðSW 1 ; SW 2 Þ. The received signals ðs V ; s H Þ are combined using the weight functions ðW V ; W H Þ created based on the variations in XPR and antenna inclination angle (α). The output signal is expressed as:
The derivation of weight function is illustrated in [3] in details. Since the antenna is utilized for on-body links, the value of XPR in Eqs. (2) and (3) is defined as BP-XPR (Body Proximity Cross-Polarization Power Ratio) [6] for describing the cross-polarization properties in on-body channel, which is different from the general definition of XPR in a cellular system [7] .
3 Analytical model In the transmitting side, a turn-style antenna is used as a sensor, which is comprised of two orthogonally-aligned half-wavelength dipoles with 90°out-ofphase excitation. Owing to its nearly omnidirectional radiation pattern with θ-polarization in the zx-plane shown in Fig. 2(a) , the effects of the cross-polarization properties on the radiation patterns are eliminated.
Moreover, in the receiving side in Fig. 2(b) , vertical and horizontal dipoles along with z-axis and x-axis, are used at wrist for measuring the distributed polarization components V-pol and H-pol, as shown in Fig. 1(a) . Using the measured data, the BP-XPR of an incident wave is expressed as follows. 
where P V and P H indicate the received power in the link budget calculation using the vertical and horizontal dipole antennas, respectively. Further, the weighted-polarization antenna shown in Fig. 1(b) , is applied considering the variation of BP-XPR and α caused by human motion. Here, the elements of A z and A x are selected, as shown in Fig. 2(c) , which are controlled using weight functions defined by Eqs. (2) and (3) .
The left arm moved in the forward direction is varied from 0°to 90°while the backward situation is not investigated because the phantom has a symmetrical configuration. The separation between the antenna feed point and body surface is 3 cm. The simulation frequency is 950 MHz. Fig. 3(a) shows the BP-XPR as a function of the arm-swing angle from 0°to 90°in head and ankle to wrist on-body channels, corresponding to Fig. 1(a) . In Fig. 3(a) , BP-XPR varies obviously over 15 dB in each case occurs. When the antenna location is moved, a large difference of two curves is observed, indicating that the BP-XPR for on-body channel needs to be measured using Eq. (4) on a case-by-case basis, which is significantly different from the XPR in weight functions used for a MIMO antenna fixed at a certain on-body location when a specific use scenario is considered [3] . Fig. 3(b) shows the weight function ðW V ; W H Þ calculated by Eqs. (2) and (3) using the BP-XPR and α. Note that the weight functions of vertical and horizontal polarization components exchange at the position of ¼ 45°. Based on these values, a simulation using the weighted-polarization antenna for on-body link enhancement is conducted. 
Simulation results
), respectively. In Fig. 3(d) , when the sensor antenna is located at head, the vertical dipole A z gives a poor performance due to the absence of radiation gain in the direction of incident waves, as shown in Fig. 3(c) . Fig. 3(d) also shows that the horizontal dipole A x provides a high received power owing to the benefit of radiation gain. In contrast to Fig. 3(d) , Fig. 3(e) shows that there is a tradeoff behavior in the received power between the vertical and horizontal dipoles; the vertical dipole exhibits a low received signal power when α is less than 30°and a high received signal power when α is larger than 30°, and vice versa for the horizontal dipole. However, in Figs. 3(d) and (e), the weighted-polarization antenna can achieve a high and stable received power without regard to the antenna placement when the α is changed.
Further, Figs. 3(d) and (e) show that the received power of the equal weight combined antenna degrades at 0°and 90°compared with that of the proposed antenna because only vertical and horizontal polarization components with equal amplitude is utilized, resulting in a 3 dB enhancement when the proposed antenna is used. Moreover, in Figs. 3(d) and (e), the received power of the proposed antenna and equal weight antenna agrees with each other when α equals approximately 45°. The reason is that, as shown in Fig. 3(b) , the same value of weight function (W V ¼ W H ¼ À3 dB) is produced at ¼ 45°for both cases even when the BP-XPR in Fig. 3(a) is varied significantly.
It is concluded from the abovementioned considerations that the proposed antenna achieves a high and stable received power compared with the other types of antenna, confirming the effectiveness of proposed weighted-polarization antenna, which is anticipated to be applied to future wearable BAN systems.
Conclusion
This paper presents a weighted-polarization antenna with a high and stable received signal power regardless of the arm-swing angle and antenna placement on human body.
In this paper, the BP-XPR used for the weight-polarization antenna in on-body channel needs to be measured on a case-by-case basis. As a future work, it is anticipated to develop a simple estimation method in consideration of human tissue effects and dynamic characteristics.
